During the electrophysiologic study of 435 patients referred for evaluation of Wolff-Parkinson-White syndrome, 42 (10%) had preexcited reciprocating tachycardia (defined as a macroreentrant tachycardia that used an accessory atrioventricular [AV] pathway for antegrade conduction).
ORTHODROMIC reciprocating tachycardia and atrial fibrillation are the predominant clinical arrhythmias in patients with Wolff-Parkinson-White syndrome (WPW).' The mechanisms by which they arise have been studied extensively. Antidromic reciprocating tachycardia, however, has not been as well evaluated as the other tachycardias in patients with WPW. Relatively few reported cases of antidromic reciprocating tachycardia are available for study2'7 and, consequently, less is known about the mechanisms by which it arises, the electrophysiologic substrates necessary for its occurrence, or its clinical significance.
The first reported use of the term "antidromic" reciprocating tachycardia was by Fontaines to define a reentrant circuit in which antegrade excitation proceeded over an accessory atrioventricular (AV) pathway while the His bundle/AV node comprised the retrograde limb of the circuitthe reverse of orthodromic reciprocating tachycardia. A variant of true antidromic reciprocating tachycardia also has been described in which retrograde conduction occurs over a second accessory pathway rather than the His bundle/AV node.6t' 10, 12, 3 We use the term preexcited reciprocating tachycardia to include both true antidromic reciprocating tachycardia and any reciprocating tachycardia that uses an accessory AV pathway as an antegrade limb of a reentrant circuit. This report reviews our experience with preexcited reciprocating tachycardia in patients with WPW, the circumstances BARDY et al. under which it is most likely to occur, its mechanisms, and the conduction characteristics of the pathways involved.
Methods
From January 1968 to December 1983, 435 patients with WPW were referred to Duke University Medical Center for the evaluation of symptomatic tachycardia. After informed consent was obtained, detailed electrophysiologic studies were performed as previously described. 5. 18. 19 Accessory pathway location was confirmed by endocardial catheter mapping as well as intraoperative mapping in those patients who underwent surgical correction for WPW. Sixty-one patients had multiple accessory pathways. Thirty-two had either manifest or forme fruste Ebstein's anomaly.
Preexcited reciprocating tachycardia was diagnosed if the following criteria were met. (1) The morphology of the widecomplex tachycardia was consistent with maximal ventricular preexcitation over the suspected site of the accessory AV pathway. (2) The QRS configuration during tachycardia was reproduced by atrial pacing near the site of the accessory AV pathway. ( 3) The atria and ventricles were found to participate in the reentrant circuit, as evidenced by the effects of premature atrial and ventricular depolarizations on tachycardia. (4) Atrial and ventricular pacing showed that the conduction properties of each limb of the reentrant circuit were capable of sustaining the suspected preexcited reciprocating tachycardia. (5) Ventricular tachycardia was excluded as the mechani.sm. (6) Atrial flutter. atrial reentry, or AV nodal reentry utilizing an accessory AV pathway as a 'bystander' was excluded.2' (7) Tachycardia of left bundle branch block morphology with antegrade conduction over a nodofascicular Mahaim fiber was excluded. " Ultimate determination of the mechanism of tachycardia sometimes required incorporation of results of preoperative, intraoperative, and postoperative electrophysiologic studies.
Results
Forty-two of 435 (10%) patients with WPW had preexcited reciprocating tachycardia during electrophysiologic study. The clinical data on these patients are listed in table 1. The ages of the patients ranged from 9 to 67 years (mean 27 + 14) . Nine 75 to 375 msec (177 ± 54). Ventriculoatrial intervals in patients with multiple accessory pathways (169 ± 65 msec) were shorter than those in patients with single pathways (181 ± 39 msec, p < .01). In 11 of 22 patients with true antidromic reciprocating tachycardia, the His-atrial conduction times across the AV node could be measured and were found to average 65 ± 27 msec (range 30 to 110), a value slightly shorter than that found in the general population without supraventricular tachycardias.25 26 In the electrophysiology laboratory, preexcited reciprocating tachycardia occurred spontaneously during sinus rhythm in four patients, followed premature atrial contraction in three, and followed a His bundle extrasystole in two (table 2). Preexcited reciprocating tachycardia also spontaneously followed the transition from orthodromic reciprocating tachycardia in one and from AV nodal reentrant tachycardia in another (not a bystander, as evidenced by change in the retrograde atrial activation sequence as well as a 60 msec change in cycle length between the two tachycardias).0 Most patients (39/42) had preexcited reciprocating tachycardia induced with either rapid atrial pacing during incremental pacing or with premature atrial depolarizations during determination of atrial refractory period. Ten patients had preexcited reciprocating tachycardia induced with premature ventricular depolarizations or rapid ventricular pacing.
The types of reentrant circuits seen during preexcited reciprocating tachycardia are described in table 2. In the 42 patients studied, 47 distinct tachycardias were recorded that conformed to six general mechanisms (figure 1). The most common mechanism observed was true antidromic reciprocating tachycardia in the 22 patients with single accessory AV pathways (figure 1, A). In the remaining 20 patients, who had multiple accessory pathways, the reentrant circuits were often quite varied and are diagrammed in figure   1 , B through F. The incidence of each mechanism is included to the right of the schematic representation. Representative recordings corresponding to each type of tachycardia are illustrated in figures 2 through 5.
Preexcited reciprocating tachycardia was more common in patients with multiple accessory pathways. Sixty-one of the original 435 patients had multiple accessory pathways. Manifest or forme fruste Ebstein's anomaly was present in 32 of the 435 patients.
Twenty of the 61 patients (33%) with multiple accessory pathways had preexcited reciprocating tachycardia. The locations of these accessory pathways are listed in tables 2 and 3. All eight patients with preexcited reciprocating tachycardia and Ebstein's anomaly had multiple accessory pathways. No patient with a single accessory pathway and Ebstein's anomaly had preexcited reciprocating tachycardia.
Single accessory AV pathways were found in 374 of 435 (86%) patients with WPW. Only 22 of these (6%) had true antidromic reciprocating tachycardia. The locations of accessory pathways in these 22 patients are Sixteen were located in the left free wall, five in the right free wall, and one in the anterior septum. No patient with a single accessory AV pathway and true antidromic reciprocating tachycardia had a posterior septal accessory AV pathway, and all but two pathways were at least 4 cm from the AV node. Preexcited reciprocating tachycardia converted spontaneously to sinus rhythm in 23 patients (table 2).
In 15 of these, recordings were available for analysis of the mechanism of spontaneous termination. Ten had single and five had multiple accessory pathways. Of the 10 patients with single accessory AV pathways, tachycardia terminated with block in the AV node in nine and with block in the accessory AV pathway in one. In the five patients with multiple accessory AV pathways, tachycardia always terminated with block in an accessory pathway. In 21 patients tachycardia could be terminated with premature atrial depolarizations or with rapid atrial pacing. In 22 patients preexcited reciprocating tachycardia was terminated with premature ventricular depolarizations or with rapid ventricu-Vol. 70, No. 3, September 1984 lar pacing. Preexcited reciprocating tachycardia was observed to degenerate to atrial fibrillation in 10 patients after spontaneously occurring premature atrial contraction.
The conduction characteristics of each limb of the reentrant circuit of preexcited reciprocating tachycardia are presented in tables 3 and 4. In many instances, the conduction characteristics of a particular pathway could not be measured because of preferential conduction through other pathways. In some, conduction characteristics were not determined because of the ease with which atrial fibrillation with a malignant ventricular response was initiated. In all but one patient (No. 13) in whom conduction characteristics could be determined, the effective refractory period of each limb of the reentrant circuit, and/or the shortest pacing cycle length with 1:1 conduction, and/or the shortest RR interval during atrial fibrillation was shorter than the cycle length of the preexcited reciprocating tachycardia. In this instance, the retrograde effective refractory period of the AV node was only 10 msec longer than the cycle length of antidromic reciprocating tachycar-B. dia. Conduction characteristics of the antegrade limb were always consistent with cycle length of the tachycardia in those patients in whom the information was available. Clinically, preexcited reciprocating tachycardia occurred outside of the electrophysiology laboratory in only 17 of 435 (4%) patients referred for evaluation of WPW. This was established by comparing 12-lead electrocardiographic morphologic characteristics of clinically occurring episodes of tachycardia with those recorded during electrophysiologic study. Eleven of these 17 patients had multiple accessory pathways compared with nine of 25 patients without clinical preexcited reciprocating tachycardia (p -.07). Clinical preexcited reciprocating tachycardia also occurred in younger patients (20 + 8 vs 30 ± 14 years) in the nonclinical group (p < .005). Finally, clinically occur-ring orthodromic reciprocating tachycardia was more common in patients without (18/25) than in those with clinical preexcited reciprocating tachycardia (5/17, p < .01).
Discussion
The diagnosis of preexcited reciprocating tachycardia requires detailed mapping of the activation sequence during tachycardia and documentation of participation of the accessory pathway in the reentrant circuit to distinguish it from a confusing spectrum of arrhythmias, including atrial flutter with 1:1 conduction over the accessory pathway, ectopic or reentrant atrial tachycardia with 1:1 conduction over the accessory pathway, ventricular tachycardia, reentrant tachycardia utilizing a nodofascicular Mahaim fiber in the antegrade direction, or AV nodal reentrant tachycardia PATHOPHYSIOLOGY AND NATURAL HISTORY-PREEXCITATION with bystander participation of an accessory pathway.8 ' 13, 19,21 The differential diagnosis bears important prognostic as well as therapeutic implications particularly in those patients considered for surgical therapy. Cycle length of preexcited reciprocating tachycardia (294 ± 42 msec) was generally not helpful in distinguishing it from tachycardia of other mechanisms, except that it was not in the usual range of 1:1 atrial flutter. The relatively young age (27 + 14 years) of the patients with preexcited reciprocating tachycardia was also not helpful in distinguishing them from other patients with WPW.27 28 However, the predominance of male patients (79%) with preexcited reciprocating tachycardia is slightly more striking than in the general WPW population (65%).27 28 Eight of 32 (25%) patients with WPW and Ebstein's anomaly had preexcited reciprocating tachycardia while in the laboratory. This relatively high incidence is likely related to the frequent occurrence of multiple accessory pathways in patients with Ebstein's anom-aly20 and is similar to the relatively high incidence (23%) in patients with multiple accessory pathways and no Ebstein's anomaly. There does not appear to be any other electrophysiologic characteristic of patients with Ebstein's anomaly that would explain the frequency of preexcited reciprocating tachycardia in this population. Another finding in these patients was the infrequency of true antidromic tachycardia. We believe the abnormalities of the AV node and His-Purkinje system seen in these patients account for this observation. 29 We have never seen definite true antidromic reciprocating tachycardia in a patient with Ebstein's anomaly. However, in one patient (No. 41) with two accessory pathways, the AV node/His bundle as well as the posterior septal accessory pathway were used as the retrograde limb of the circuit.
In patients with single accessory AV pathways the incidence of preexcited reciprocating tachycardia was much less than in patients with multiple accessory pathways (6% vs 33%). Two factors were associated with preexcited reciprocating tachycardia in patients with single accessory pathways. Patients with true antidromic reciprocating tachycardia had moderately short HA intervals and usually had retrograde effective refractory periods of the AV node below 300 msec, suggesting that enhanced retrograde AV nodal conduction may have facilitated antidromic reciprocating tachycardia in some patients. In addition, there appeared to be an association between true antidromic reciprocating tachycardia and location of the accessory AV pathway. Twenty of the 22 patients had free wall pathways 4 cm or more from the AV node/His bundle. True antidromic reciprocating tachycardia occurred in only one patient with an anterior septal accessory AV pathway and was not seen in any patient with a solely posterior septal pathway. This 
CIRCULATION
PATHOPHYSIOLOGY AND NATURAL HISTORY-PREEXCITATION between true antidromic reciprocating tachycardia and posterior septal accessory pathways is highlighted by the observation that nearly one-third of patients seen at Duke University had posterior septal accessory pathways. 27 This suggests that a critical spatial relationship is necessary for the initiation of preexcited reciprocating tachycardia in those patients with single accessory AV pathways. Proximity of the accessory pathway to the AV node may decrease the likelihood of functional dissociation between the two pathways necessary for the initiation of reentry. In this regard, the diagnosis of true antidromic reciprocating tachycardia utilizing a posterior septal accessory pathway should be viewed cautiously. Further investigation in this setting may reveal a second accessory pathway (AV or nodofascicular) or the presence of atrial tachycardia or AV nodal reentry with participation of a bystander accessory pathway.20
During the electrophysiologic study preexcited reciprocating tachycardia was generally well tolerated hemodynamically. Only one patient (No. 36) required cardioversion because of associated hypotension as a direct consequence of preexcited reciprocating tachycardia. Clinically, however, the five patients whose only tachycardia was preexcited reciprocating tachycardia all had experienced syncope or near-syncope, suggesting that this tachycardia can result in significant hemodynamic compromise in some patients.
A potentially more serious sequela in patients with preexcited reciprocating tachycardia may be the transformation to atrial fibrillation. Twenty of 42 patients with preexcited reciprocating tachycardia had clinically significant atrial fibrillation. Whether preexcited reciprocating tachycardia led to clinical atrial fibrillation could not be ascertained in most patients, although such a transformation was observed in the laboratory in 10 patients after spontaneous premature atrial contraction. Cosio et al. 1 have also reported such a transformation in a patient whose presenting arrhythmia was ventricular fibrillation, suggesting the possibility of a malignant transformation from preexcited reciprocating tachycardia to atrial fibrillation and subsequently to ventricular fibrillation. Four of our patients in whom there was transition in the laboratory of preexcited reciprocating tachycardia to rapid atrial fibrillation also had clinical ventricular fibrillation. Each of the four patients with out-of-hospital ventricular fibrillation had clinical preexcited reciprocating tachycardia, atrial fibrillation, or both. Although unproven, the transition from preexcited reciprocating tachycardia to atrial fibrillation and then to ventricular fibrillation probably can occur and may not be substantially different than that observed with orthodromic reciprocating tachycardia. In the latter instance autonomic changes, hypoxia, or atrial stretch have been thought to contribute to destabilization of the atria, resulting in atrial fibrillation with a rapid ventricular response.3>32
In summary, preexcited reciprocating tachycardia occurred in approximately 10% of all patients undergoing electrophysiologic evaluation of WPW. Clinical preexcited reciprocating tachycardia was seen less frequently (4% of patients) and occurred primarily in younger patients with multiple accessory pathways and with no clinical documentation of orthodromic reciprocating tachycardia. The laboratory incidence of tachycardia in patients with multiple accessory pathways was higher than in patients with single accessory pathways (33% and 6%, respectively). Hemodynamically it was usually well tolerated but could result in syncope and harbored the potential for deterioration to FIGURE 3. Recordings obtained in a 26-year-old man who had a left posterior paraseptal and a right anterior paraseptal accessory pathway (patient No. 3). Three different mechanisms of preexcited reciprocating tachycardia were found in this patient corresponding to mechanisms B, C, and F shown in figure 1 . RAA = right atrial appendage, near anterior septum; other abbreviations are as in figure 2 . A, On the left of this panel is an episode of preexcited reciprocating tachycardia utilizing the right anterior paraseptal accessory pathway as the antegrade limb of the circuit and the left posterior paraseptal accessory pathway as the retrograde limb. The AV node does not appear to form part of the reentrant circuit, as evidenced by the relatively late appearance of the atrial electrogram as recorded on the His bundle catheter. This would correspond to mechanism B illustrated in figure 1 . On the right of the panel, preexcited reciprocating tachycardia is converted to orthodromic reciprocating tachycardia after the introduction of double premature ventricular depolarizations associated with a repetitive ventricular response. B, During orthodromic reciprocating tachycardia utilizing the left posterior paraseptal accessory pathway as the retrograde limb, double premature ventricular depolarizations resulted in a repetitive ventricular response followed by a nearly normally conducted beat, with the subsequent onset of preexcited reciprocating tachycardia utilizing the left paraseptal accessory pathway as the antegrade limb of the circuit and the AV node and right anterior paraseptal accessory pathway as the retrograde limb. This corresponds to mechanism C as illustrated in figure 1. C, A third type of preexcited reciprocating tachycardia was observed in this patient after an attempt to interrupt the preexcited reciprocating tachycardia illustrated in B by rapid pacing from the proximal coronary sinus. This resulted in a QRS morphology intermediate between that illustrated in A and B believed to be secondary to simultaneous ventricular preexcitation over both the left posterior paraseptal accessory pathway and the right anterior paraseptal accessory pathway. The retrograde limb of the circuit appears to be the AV node, although a sharp His deflection and atrial depolarization were not observed. This form of preexcited reciprocating tachycardia is schematically depicted in figure 1, F A, Orthodromic reciprocating tachycardia utilizing all three accessory pathways in the retrograde direction. The atrial electrocardiogram near the right lateral accessory pathway is not shown. The associated simultaneously obtained electrocardiogram demonstrates a normal QRS morphology. B, Preexcited reciprocating tachycardia with antegrade ventricular activation occurring over the right lateral accessory pathway with retrograde activation proceeding up the anteroseptal accessory AV pathway (RAA), left lateral accessory pathway (CS), and the AV node (HBE) nearly simultaneously. The associated 12-lead electrocardiogram is identical to clinical recordings of tachycardia. The QRS morphology is characteristic of preexcitation over a right lateral accessory AV pathway. This corresponds to mechanism C of figure 1. C, Preexcited reciprocating tachycardia demonstrating fusion of antegrade ventricular activation over the anterior septal accessory AV pathway and the AV node. The retrograde limb of the circuit is the left lateral accessory AV pathway. Note that the QRS morphology is slightly different from the orthodromically conducted beats (A) and is not typical of maximal preexcitation over an anterior septal accessory pathway. Furthermore, QRS morphology was less preexcited than when pacing was performed directly over the anterior septal accessory pathway. This mechanism is depicted schematically in figure 1, D.
PATHOPIIYSIOLOGY AND NATURAL HISTORY-PREEXCITATION 16 ) who was proven by endocardial catheter mapping and intraoperative mapping to have a posterior septal accessory AV pathway and a nodofascicular Mahaim fiber. She had a variety of tachycardias, including orthodromic reciprocating tachycardia utilizing the posterior septal accessory AV pathway. AV node reentry, AV node reentry with bystander Mahainm conduction. and preexcited reciprocating tachycardia using the posterior septal accessory pathway in the antegrade direction and probably the nodofascicular fiber rather than the His bundle in the retrograde direction (mechanism E in figure 1 ). The preexcited reciprocating tachycardia is shown in B. The mechanism of this tachycardia is inferred by comparing its retrograde atrial activation sequence with that of the bystander Mahaim tachycardia, first shown in A after classic AV node reentry. then in B after preexcited reciprocating tachycardia. A. The left side of this panel demonstrates AV node reentry with right bundle branch aberration. After the introduction of a premature ventricular depolarization (PVD), this rhythm is converted to AV node reentry with bystander utilization of the nodofascicular Mahaim fiber. There are no changes in tachycardia cycle length, H-H intervals, A-A intervals, HA intervals, or the retrograde atrial activation sequence findings characteristic of bystander utilization of an accessory pathway during AV node reentry. B, The left side of this panel shows preexcited reciprocating tachycardia utilizing the posterior septal accessory AV pathway as the antegrade limb of the circuit with the nodofascicular Mahaim fiber serving as the retrograde limb. Although not proven. this mechanism is suggested by noting the relative relationships between the bystander tachycardia and the preexcited reciprocating tachycardia. After a PVD was inserted into the preexcited reciprocating tachycardia from the right ventricular apex, the patient developed a short run of ventricular tachycardia that converted to AV node reentry with bystander Mahaim participation. Note that the transition from preexcited reciprocating tachycardia to AV node reentry with bystander Mahaim participation results in a small but distinct change in the septal retrograde atrial activation sequence with the atrium at the coronary sinus activating earlier during bystander tachycardia. This is consistent with two different retrograde exit sites from the AV node. During AV node reentry or bystander tachycardia, the retrograde atrial activation sequence is "normal. "--If the preexcited reciprocating tachycardia used the His bundle/AV node as the retrograde limb, the retrograde atrial activation sequence should resemble that seen during AV node reentry or bystander tachycardia, but it differed. Furthermore, the left atrium (recorded from the coronary sinus) activated later, suggesting a more right-sided AV node exit site compared with that seen in AV node reentry or bystander tachycardia. Retrograde atrial activation of the AV node via the right-sided nodofascicular fiber rather than the His bundle would account for these observations. Finally, it should be noted that no patient in our series with solely a posterior septal accessory AV pathway had preexcited reciprocating tachycardia. This observation also does not favor retrograde conduction via the His bundle.
PATHOPHYSIOLOGY AND NATURAL HISTORY-PREEXCITATION atrial fibrillation and possibly ventricular fibrillation. The spectrum of mechanisms of preexcited reciprocating tachycardia in patients with multiple accessory pathways was broad and deviated considerably from the classic reentrant circuit seen in true antidromic reciprocating tachycardia. Preexcited reciprocating tachycardia in patients with single accessory pathways was usually associated with enhanced retrograde AV nodal conduction and an accessory pathway location 4 cm or more from the AV node. Isolated septal accessory pathways were rarely associated with true antidromic reciprocating tachycardia. 6 . Location of accessory atrioventricular pathways in 22 patients with true antidromic reciprocating tachycardia. The black dots along the AV ring represent the accessory pathway locations. There were 16 left and five right free wall accessory pathways. One was located in the anterior septum. No patient with a posterior septal accessory AV pathway had true antidromic reciprocating tachycardia. All but two accessory pathways were at least 4 cm from the AV node. presence of multiple accessory pathways or an alternative diagnosis.
